REPORT  DOCUMENTATION  PAGE 


Form  Approved 
OMB  NO.  0704-0188 


Public  Reporting  burden  for  this  collection  of  information  is  estimated  to  average  1  hour  per  response,  including  the  time  for  reviewing  instructions,  searching  existing  data  sources, 

gathering  and  maintaining  the  data  needed,  and  completing  and  reviewing  the  collection  of  information.  Send  comment  regarding  this  burdenesnmates 

collection  of  information,  including  suggestions  for  reducing  this  burden,  to  Washington  Headquarters  Services,  Directorate  for  information  ^ra,1°ns^d'^I^’  l?'5/ 

Davis  Highway,  Suite  1204,  Arlington,  VA  22202-4302,  and  to  the  Office  of  Management  and  Budget,  Paperwork  Reduction  Project  (0704-018g,)  Washington  DC  20503 

1 .  AGENCY  USE  ONLY  ( Leave  Blank)  2  REP^LDATH  3.  ^p°RT  TYpE  AND  DATES  COVEREE) 

2/4/00  Annual  Performance:  3/1/99-2/29/00 


4.  TITLE  AND  SUBTITLE 

Monolithic  and  Vertical  Integration  of  Resonant  Tunneling  Diodes  and 
FETs  for  Cellular  Neural  Networks _ _ 

6.  AUTHOR(S) 

Leon  Chua _ _ _ 

7.  PERFORMING  ORGANIZATION  NAME(S)  AND  ADDRESS(ES) 

University  of  California,  Berkeley,  CA  94720 

9.  SPONSORING  /  MONITORING  AGENCY  NAME(S)  AND  ADDRESS(ES) 

Office  of  Naval  Research 
Program  Officer  Larry  R.  Cooper  /  ONR  312 
Ballston  Centre  Tower  One 
800  North  Quincy  Street 

Arlington,  VA  22217-5660  _ _ _ 

1 1 .  SUPPLEMENTARY  NOTES 

N/A 

12  a.  DISTRIBUTION  /  AVAILABILITY  STATEMENT 

Approved  for  public  release;  distribution  unlimited. 


5.  FUNDING  NUMBERS 

N00014-99-1-0339 


8.  PERFORMING  ORGANIZATION 
REPORT  NUMBER 

442427-23110 

10.  SPONSORING  /  MONITORING 
AGENCY  REPORT  NUMBER 


12  b.  DISTRIBUTION  CODE 


13.  ABSTRACT  (Maximum  200  words) 

During  the  period  March  1999  -  February  2000  work  has  continued  according  to  the  proposed  plan.  Advances  in 
research  have  been  made  in  the  following  areas: 

•  Exhaustive  search  and  study  of  the  literature  on  RTD-FET  based  circuits  and  their  functionality. 

•  Development  of  a  SPICE  model  for  the  RTD  that  can  be  used  for  realistic  simulations  of  RTD-based  CNN 
circuitry. 

•  Detailed  study  of  the  simple  CNN  cell  circuit  that  is  outlined  in  the  project  proposal. 

•  Advances  in  the  development  of  circuits  that  are  programmable  and  fully  exploit  the  capabilities  of  the  RTD. 


14.  SUBJECT  TERMS 

RTD-FET  circuit,  SPICE  model,  Arbitrary  Boolean  Functions,  CNN  cell  circuit 


15.  NUMBER  OF  PAGES 

4 

16.  PRICE  CODE 


17.  SECURITY  CLASSIFICATION 
OR  REPORT 

UNCLASSIFIED 


18.  SECURITY  CLASSIFICATION 
ON  THIS  PAGE 

UNCLASSIFIED 


19.  SECURITY  CLASSIFICATION 
OF  ABSTRACT 

UNCLASSIFIED 


20.  LIMITATION  OF 
ABSTRACT 


NSN  7540-01-280-5500 
Form  298  (Rev.2-89) 

Prescribed  by  ANSI  Std.  239-18 


Standard 


20000208  021 


rj^JC  QUALITY  DJGPBCTED  1 


Monolithic  and  Vertical  Integration  of  Resonant  Tunneling  Diodes 
and  FETs  for  Cellular  Neural  Networks 

ONR  Grant  N0014-99- 1-0339 
March  1,  1999  -  February  28,  2002 

Annual  Progress  Report 

for  the  period  March  1999  -  February  2000 

Principal  Investigator:  Leon  O.  Chua 

Nonlinear  Electronics  Laboratory 
Departement  of  Electrical  Engineering  and  Computer  Science 
University  of  California  at  Berkeley 
Berkeley,  CA  94720 


Summary 

During  the  first  year  of  the  project,  we  pursued  the  following  tasks 
according  to  the  proposed  plan: 

•  Exhaustive  search  and  study  of  of  the  literature  on  RTD-FET 
based  circuits  and  their  functionalities. 

•  Development  of  a  SPICE  model  for  the  RTD  which  can  be  used 
for  realistic  simulations  of  RTD-based  CNN  circuitry. 

•  Detailed  study  of  the  simple  CNN  cell  circuit  which  is  outlined 
in  the  project  proposal. 

•  Advances  in  the  development  of  circuits  that  are  programmable 
and  fully  exploit  the  capabilites  of  the  RTD. 
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A  Simple  RTD-Based  CNN  Cell  for  Linearly  Separable  Boolean  Functions 
Publications:  [2,  3] 

An  extremely  simple  RTD-FET  circuit  has  been  studied  and  shown  to  behave  like  an 
almost  ideal  comparator,  as  required  for  the  class  of  uncoupled  CNNs.  A  SPICE  model 
was  implemented  for  realistic  simulations. 

While  being  extremely  compact,  this  cell  lacks  programmability,  which  is  a  serious 
disadvantage,  but  specific  applications  may  not  require  universal  cells.  We  conclude 
that  with  RTDs,  when  sacrificing  generality,  extremely  compact  CNN  circuitry  can  be 

designed. 

The  restriction  to  linearly  separable  Boolean  functions  and  the  fixed  parameter  set 
are  the  main  reasons  why  more  complex  (and  more  versatile)  circuits  will  have  to  be 
designed  and  studied.  A  very  promising  candidate  is  the  circuit  characterized  in  the  next 
paragraph. 

An  RTD-Based  CNN  Cell  for  Arbitrary  Boolean  Functions 

Publications:  [4,  5,  6,  7]  . 

By  using  the  principle  of  nesting  piecewise  linear  circuits,  the  so-called  Universal  GiviV 
Cells  [4],  it  is  possible  to  take  full  advantage  of  all  branches  in  the  I-V  characteristics  of 
the  RTD.  Our  proposed  circuit  (Fig.  1)  fully  supports  recently  reported  nanotechnologies 


Figure  1:  The  RTD-CNN  cell  circuit  with  2  inputs  and  2  nests. 


allowing  operation  at  room  temperature  and  vertical  integration  of  FETs  using  III-V 
semiconductors. 

Compared  to  the  standard  CNN  cell  [1],  the  design  has  several  advantages:  (a)  It  uses 
a  simple  synapse  made  of  only  two  n-FET  transistors,  where  the  synaptic  weights  (or 
CNN  templates)  are  always  positive;  (b)  It  expands  the  domain  of  realizable  Boolean 
functions  beyond  the  small  class  of  linearly  separable  Boolean  functions,  while  it  uses 
exactly  the  same  number  of  parameters  to  code  the  template;  (c)  It  targets  a  promising 
nanotechnology,  from  which  very  high  processing  speeds  and  densities  are  expected. 

Simulations  in  SPICE  using  realistic  device  models  [7]  confirm  the  theoretical  results. 
The  functional  capabilities  of  our  cell  are  indeed  impressive. 
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Outlook 

Several  important  issues  will  have  to  be  addressed: 

•  The  improvement  in  terms  of  speed  of  the  algorithmic  method  to  find  Boolean 
realizations  for  all  possible  Boolean  functions. 

•  The  optimization  of  the  RTD-CNN  circuit  for  speed,  power,  and  occupied  area. 

•  The  development  of  a  new  family  of  RTD-CNN  cells,  optimized  for  area  but  with 
functional  capability  limited  to  linearly  separable  Boolean  functions. 

•  Extend  the  RTD  SPICE  model  to  include  the  high-speed  dynamics  of  the  device. 
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